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Abstract

Background: Infectious disease outbreaks are common in care homes, often with substantial impact on the rates of
infection and mortality of the residents, who primarily are older people vulnerable to infections. There is growing evi-
dence that organisational characteristics of staff and facility might play a role in infectious disease outbreaks however
such evidence have not previously been systematically reviewed. Therefore, this systematic review aims to examine
the impact of facility and staff characteristics on the risk of infectious disease outbreaks in care homes.

Methods: Five databases (MEDLINE, EMBASE, ProQuest, Web of Science, CINAHL) were searched. Studies considered
for inclusion were of any design reporting on an outbreak of any infectious disease in one or more care homes provid-
ing care for primarily older people with original data on: facility size, facility location (urban/rural), facility design, use of
temporary hired staff, staff compartmentalizing, residence of staff, and/or nursing aides hours per resident. Retrieved
studies were screened, assessed for quality using CASP, and analysed employing a narrative synthesis.

Results: Sixteen studies (8 cohort studies, 6 cross-sectional studies, 2 case-control) were included from the search
which generated 10,424 unique records. COVID-19 was the most commonly reported cause of outbreak (n =11). The
other studies focused on influenza, respiratory and gastrointestinal outbreaks. Most studies reported on the impact of
facility size (n=11) followed by facility design (n =4), use of temporary hired staff (n =3), facility location (n = 2), staff
compartmentalizing (n=2), nurse aides hours (n =2) and residence of staff (n=1). Findings suggest that urban loca-
tion and larger facility size may be associated with greater risks of an infectious disease outbreak. Additionally, the risk
of a larger outbreak seems lower in larger facilities. Whilst staff compartmentalizing may be associated with lower risk
of an outbreak, staff residing in highly infected areas may be associated with greater risk of outbreak. The influence of
facility design, use of temporary staff, and nurse aides hours remains unclear.

Conclusions: This systematic review suggests that larger facilities have greater risks of infectious disease outbreaks,
yet the risk of a larger outbreak seems lower in larger facilities. Due to lack of robust findings the impact of facility and
staff characteristics on infectious disease outbreaks remain largely unknown.

Prospero: CRD42020213585.
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Introduction
Infectious disease outbreaks are common in shared liv-

*Correspondence: annlijas@kise ing spaces such as care homes [1]. Infection outbreaks in
Department of Global Public Health, Karolinska Institutet, Solna, Sweden .
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of infection and mortality of the residents who primar-
ily are frail older people with chronic physical, mental
and/or cognitive conditions and thus more vulnerable to
infections [2, 3]. The most common types of infectious
disease outbreaks in care homes are respiratory infec-
tions such as influenza viruses, and gastrointestinal infec-
tions (often caused by noroviruses) [4]. Additionally, in
the last 1.5years numerous care homes worldwide have
been severely impacted by COVID-19 (SARS-CoV-2),
an acute respiratory syndrome with worse outcomes for
older adults with multimorbidity compared to younger
adults [5]. In several countries such as the United States,
England, France, Spain, and Sweden, care home residents
have been reported to account for 30-50% of all COVID-
19-related deaths [6-8].

The prerequisites for infection control vary between
care homes (also known as nursing homes or residen-
tial long-term care facilities) and depend on a range of
factors including organisational factors such as facility
characteristics (i.e. the physical building) [9] and staff
characteristics (e.g. staff compartmentalizing, temporary
hired staff) [10]. In the last few decades there has been
a shift from providing traditional nursing home wards
with hospital-like features such as shared rooms and no
private space towards building care homes where resi-
dents have a single room and a common living room in
a homelike atmosphere with an interior familiar to them
[11]. Providing a homelike environment is considered
particularly important to residents with dementia as
hospital-like environments can contribute to spatial diso-
rientation, stress and anxiety [11]. The homelike environ-
ment has however been reported an obstacle in infection
prevention and control [12]. Unlike hospitals, care homes
with a homelike environment have no transaction win-
dows into the residents’ apartments and are challenged
by facility characteristics such as rarely having a des-
ignated space where employees can remove personal
protective equipment or get changed after having had
close personal contact with an infected resident. Besides
providing a homelike atmosphere, care homes are often
designed to bring people together for social activities
and meals, routines that might have to change during
an infectious disease outbreak, with consequences such
as loneliness and anxiety among the residents [13]. The
design of care homes also affects the possibility of iso-
lating residents or conducting cohort care to prevent
transmission of infection during an outbreak. Handling
residents with dementia or mental illness who have a
strong compulsion to walk becomes particularly chal-
lenging when practising isolation and social distanc-
ing [14]. Earlier systematic reviews focusing on facility
characteristics have shown that residents in care homes
with a higher proportion of private rooms have reported
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better quality of life [15], and that care homes with fewer
beds scored higher on service quality [16]. Findings on
links between smaller facility size and residents’ quality
of life were however inconsistent [15]. The latter system-
atic review further reported higher quality of life among
the residents in care homes in rural areas [15]. How-
ever, no systematic review has investigated the impact of
these and other facility characteristics such as the facility
design on infectious disease outbreaks. Further, in a brief
summary of evidence on how COVID-19spreads can
be contained in care homes, the authors concluded that
movement of staff between care homes should be limited,
and that temporary staff are a key potential source of
infection [17]. Similarly, a systematic review has reported
higher risks of infection in healthcare settings with fewer
registered nurses and more nursing aide staff, and with
a higher proportion of temporary staff [18]. In the wake
of the COVID-19 pandemic, the possible effects of care
home staff, particularly nurse aides, working in multiple
facilities on infection control has been debated [19]. Staff
characteristics in relation to outbreaks of infectious dis-
eases in care homes have however not previously been
systematically reviewed. The impact of staff and facil-
ity characteristics are less studied aspects in healthcare
research [20], yet considered potential modifiable factors
for infection control in care homes [9, 10]. This includes
community-acquired infectious diseases such as COVID-
19 where the spread in the local community might result
in infected care workers being the probable source of
outbreaks in care homes [21]. Identifying factors of par-
ticular importance for infection control in the home care
setting is essential to mitigate the spread of infectious
diseases. Therefore, we have conducted a systematic
review that aims to examine the impact of organisational
features such as staff characteristics and facility charac-
teristics on the risk of infectious disease outbreaks in care
homes for older adults.

Methods

Search strategy

Five electronic databases were searched for this review:
MEDLINE (Ovid), EMBASE, Sociological Abstract (Pro-
Quest), Web of Science Core Collection and CINAHL
(Ebsco). The systematic search was performed in April
2021. Key search terms were developed in collaboration
with librarians and included long term care, infection,
and disease outbreaks, and are presented in Appendix 1.
The research protocol has been registered with PROS-
PERO (identification number CRD42020213585).

Eligibility criteria
In this review, the outcome was an infectious disease out-
break in a care home, referring to one or more residents
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being infected. A single case of an infectious disease can
be considered an outbreak if the disease is rare or has
serious public health implications [22]. Table 1 presents
the PICO (Population, Intervention, Comparison, Out-
come) inclusion and exclusion criteria for eligible stud-
ies. Studies included were of quantitative, qualitative
and mixed-method design reporting on an infectious
disease outbreak in one or more care homes providing
care for primarily older adults (>65years) with origi-
nal data on one or more of the exposure features: facil-
ity size (typically measured as number of beds), facility
location (urban/rural), the design or room layout of the
facility, temporary hired staff, staff compartmentalizing
(i.e. dividing staff at the care home facility into zones or
units to prevent the spread of infection), residence of
staff (home address of staff), and nursing aides hours per
resident (number of hours certified nurse aides are avail-
able to care for residents and undertake administrative
work). The seven exposure features assessed were chosen
based on facility and staff characteristics identified by the
authors prior to the database search, and not previously
systematically reviewed. The search was not restricted to
certain years or languages. Reviews and commentaries
with no original data were excluded.

Study selection, data extraction and quality assessment

References retrieved were downloaded to EndNote
X9 reference management and Rayyan for systematic
reviews and independently screened for eligibility by
two researchers (LM and AL). Any disagreements were
resolved through discussion between the reviewers and
with a third researcher (JA). Researchers LM and AL
extracted the data together and organised the studies
according to study outcome using a standardised data
extraction form [23]. The two researchers then assessed
the studies for quality using the critical appraisal skills
Programme (CASP) (https://casp-uk.net/casp-tools-
checKlists/). The appraisal tool is used to analytically
evaluate whether the results are valid, biases have been
minimised and confounding factors have been consid-
ered, with the answer options yes/no/can’t tell. Studies
that were given one or more no’ or ‘can’t tell' answers

Table 1 PICO
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in the quality assessment were read again and discussed
with the third researcher. If any ‘no’ or ‘can’t tell’ answers
remained, the study was considered not to be of high
quality and subsequently excluded (Appendix 2). A nar-
rative synthesis allowed for the findings of the heterog-
enous studies included in the review to be compiled.

Results

Results of the systematic search

A PRISMA flow chart of the screening process is pre-
sented in Fig. 1. The search yielded 15,786 records and
after removal of duplicates 10,424 records remained,
which were screened for eligibility. Two hundred and
three studies were read in full text of which 178 studies
were excluded, mainly because they did not report on
any of the exposure features of interest. The remaining
25 studies were assessed for quality using the CASP tool
after which 9 studies were excluded, resulting in a total of
16 studies included in the review. Results on each expo-
sure feature in each individual study were summarised
and presented in tables (Tables 2 and 3).

Description of the included studies

The 16 studies included in this review are presented
in Table 4. Eight studies were cohort studies of which 5
studies had obtained data during one single outbreak and
3 studies had collected data during two to six years. Six
studies were of cross-sectional design and two studies
were case-control studies. None of the included studies
were of qualitative or mixed-methods design. The major-
ity of studies (n =11) covered COVID-19 outbreaks, two
studies were on influenza outbreaks, two on gastrointes-
tinal outbreaks, and one study on both respiratory and
gastrointestinal outbreaks. Ten studies were undertaken
in North America, one in Hong Kong and five in Europe.

Facility size

Eleven studies reported on facility size in relation to risk
of infection outbreak of which several reported on mul-
tiple aspects of facility size as shown in Table 2. Defini-
tion of ‘large’ facility varied between the studies and is
presented in Table 2 for each study, where available. Two

Population (Setting)
medical care within the facility.

Intervention (Exposure)

and nurse aides hours per resident.
Comparison No restriction

Outcome

Care homes for primarily older adults (aged >65 years) defined as a facility with 24 h surveillance and access to some level of

Facility size, facility location, facility design, use of temporary hired employment, staff compartmentalizing, residence of staff,

An infectious disease outbreak (at least 1 resident infected in the care home facility). Studies that included disease outbreaks

of non-infectious or non-communicable diseases were excluded.
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Fig. 1 PRISMA flow chart

studies reported no association between facility size and
risk of infectious disease outbreak [24, 27]. Most studies
(8 of 11) reported an association between larger facil-
ity size and greater risk of an outbreak [28, 30-33, 35,
37, 39]. Four studies also reported on larger outbreaks
in relation to facility size [24, 27, 35, 37] of which all but
one showed a lower risk of a large outbreak in larger care
homes [35]. In one study the size of the care home was
further associated with the duration of the outbreak with
larger care homes having longer lasting outbreaks [29].

Facility location

Two studies assessed the risk of a COVID-19 outbreak
in relation to the care homes being in an urban or rural
area [24, 38]. Both studies showed that care homes
located in urban areas were more likely to report cases
of COVID-19 of which one of the studies provided

findings for 13,709 care homes across the USA [38].
In their study, they used Census 2010 data to calculate
population density per square mile and used popula-
tion density as a proxy for rurality. When examining
the results regionally, the association remained signifi-
cant in 13 states [38]. The other study was conducted
in Ohio [24], one of the states in which the findings
by Sugg et al. (2020) [38] remained when examined
regionally. In the study from Ohio by Bowblis & Apple-
baum (2020) [24], measures were taken once a month
for three months (April-June 2019) and consistently
showed that care homes in rural areas, including rural
cities, were less likely to have a COVID-19 outbreak
and less likely to have a larger outbreak (defined as at
least 20% of residents infected) among facilities with at
least one case.
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Facility design

The influence on the facility design of the care homes on
infectious disease outbreaks was examined in four stud-
ies focusing on various design aspects [25, 28, 31, 37]. A
study from the Canadian province Ontario showed that
multi-occupancy rooms, more common in older than
newer care homes, were associated with an almost two-
fold risk of a COVID-19 outbreak compared to single
rooms (RR 1.88, 95%CI 1.27-2.79) [37]. In a study con-
ducted in California, U.S,, facility age measured as years
of operation was not associated with an outbreak of one
or more cases of COVID-19 (OR 1.006, 95%CI 0.995-
1.017) [28]. Similarly, another North American study
also comparing older and newer buildings where the new
building had installed filters preventing recirculation of
air, showed no significant differences in influenza out-
breaks observed between the buildings in five subsequent
years [25]. Further, having isolation areas for infected res-
idents to control infection was not associated with lower
risk of norovirus outbreaks in a study of 748 care homes
in Hong Kong [31].

Staff compartmentalizing

Two studies reported on staff compartmentalizing i.e.
dividing staff at the care home facility into zones or
units to prevent the spread of infection [30, 34]. One of
the studies reported 2.5 times higher risks of nosoco-
mial respiratory or gastrointestinal disease outbreaks if
staff worked at multiple units compared to having staff
compartmentalized (RR 2.51, 95%CI 1.07-5.89) [30].
The other study was conducted during the COVID-19
pandemic and showed that arranging for staft compart-
mentalizing within zones resulted in a significantly lower
likelihood of having any confirmed COVID-19 cases (OR
0.17, 95%CI 0.04-0.67) [34].

Temporary hired staff

Three studies reported on use of temporary hired staff
and the likelihood of COVID-19 outbreaks in care homes
[24, 34, 35]. The largest of these three studies (care homes
n =5126) showed that use of temporary staff was asso-
ciated with higher proportion COVID-19 infection
among residents compared to having no temporary staff,
with the strongest association in care homes that only
had temporary staff a few times per month (OR 1.28,
95%CI 1.20-1.37, p <0.0001) [35]. The other two studies
reported no association between use of temporary staff
and COVID-19 outbreaks.

Nurse aides hours

The influence of nurse aides hours per resident on dis-
ease outbreaks was investigated in two studies of which
both reported on COVID-19 outbreaks [24, 26]. Whilst
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one of the studies showed no consistent effects over three
months of nurse aides hours and the number of COVID-
19 cases [24], the other study reported no association
between high nurse aides hours and an outbreak; yet
showed an association between high nurse aides hours
and lower risks for a larger COVID-19 outbreak [26].

Residence of staff

Only one study examined the influence of the residence
of staff on infectious outbreaks in care homes. The study
was conducted at a large care home (approximately 500
beds) and showed that staff living in a community with
a high rate of COVID-19 was a significant predictor of
COVID-19 outbreaks [36].

Discussion

In this review, a range of organisational facility and staff
characteristics assessed in earlier studies on infectious
disease outbreaks in care homes have been reported.
The findings suggest that urban location and larger facil-
ity size may be associated with greater risks of an infec-
tious outbreak. The findings also suggest that the risk
of a larger outbreak may be lower in larger facilities.
Whilst staff compartmentalizing may be associated with
lower risk of outbreak, staff residing in highly infected
areas may be associated with greater risk of an outbreak.
The influence of facility design, use of temporary staff,
and nurse aides hours on infectious outbreaks remains
unclear.

There is growing evidence that urban location and
larger facilities increase the risk of infectious disease out-
breaks in care homes [40, 41]. Larger care home facilities
imply managing a greater number of residents including
person-to-person contact with a larger number of differ-
ent residents, staff and visitors, creating opportunities for
infectious outbreaks [30]. The greater risk of infectious
outbreaks that larger care homes seem to face may fur-
ther reflect the community spread of infection [41]. As
shown in this review, there is some evidence that staff
residing in highly infected areas increases the risk of an
outbreak at the care home where they work [36]. Previ-
ous research has also shown a link between the risk of an
outbreak at a care home and the incidence of COVID-19
in the surrounding region [37]. Several earlier studies
have implied that staff might contribute to the spread of
infection [37, 41, 42]. Beside staff-to-resident and staff-
to-staff transmission at the same care home, many care
workers often hold second jobs and provide care to fam-
ily members, which may increase the risk of transmission
[42]. They also tend to feel obligated to come to work
even when ill, due to low incomes and limited benefits
[42]. It has been speculated that spread of infection due
to staff working at multiple facilities is most likely to
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occur among facilities using temporary staff who provide
services at multiple care homes [24]. However, findings
from the three included studies on use of temporary staff
are inconsistent with only one study reporting such an
association [35]. This might be explained by the unclar-
ity in whether the outbreaks studied were caused by com-
munity transmissions or pre-existing asymptomatic cases
within the facility.

Apart from suggesting that larger facility size may be
associated with greater risks of an infectious outbreak,
this review also suggests that the risk of a larger outbreak
seems lower in larger facilities. This might be explained
by larger care homes often being purpose built allow-
ing for staff compartmentalizing, suggesting that larger
facilities have less crossover of staff between residents
[27, 37]. Larger facilities might also have the advantage of
‘economy of scale’ in terms of greater resources (e.g. per-
sonnel and financial resources) allowing for high nurse
aides hours. According to the findings of this systematic
review, high nurse aides hours might not prevent out-
breaks yet seem to reduce the risks of a larger outbreak.
This supports a recent study showing that care homes
that met the minimum staffing standards are likely to be
able to prevent or delay COVID-19 resident infections
[10]. Having enough nurse aides is considered crucial as
implementing infection control such as laboratory testing
and staff compartmentalizing at care homes is difficult
without sufficient staffing levels [26]. This denotes strong
and close links between facility and staft characteristics
implying the need to apply a holistic perspective when
studying disease outbreaks at care homes.

The included studies on facility design assessed dif-
ferent aspects: multi-occupancy rooms, older facility
design, air circulation and isolation areas, aspects which
all have been considered important in recent analyses of
COVID-19 and the care home environment [9, 43]. Yet,
the included studies reported no association on these
aspects except multi-occupancy rooms, making it dif-
ficult to draw any conclusions on the influence of facil-
ity design on infectious outbreaks. Further well-designed
studies are needed on the influence of the many aspects
of facility design on infectious outbreaks to provide an
understanding of their potential impact. Further research
is also needed on staff and facility characteristics of large
facilities in relation to infectious disease outbreaks, and
should include tracking cases to provide possible expla-
nations to this review’s suggested findings on facility size.

Strengths and limitations

A major strength of the study is the novelty of system-
atically reviewing multiple organisational facility and
staff characteristics on infectious disease outbreaks
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in care homes, a setting that has become increasingly
important following the COVID-19 pandemic. The
search strategy comprised of seven different outcome
features of both facility and staff characteristics, was
not restricted to a certain language or time period,
and was applied to five different databases. Limitations
include that the search did not include grey literature,
possibly resulting in relevant data not being considered.
Initially we intended to include care homes for older
adults only however most studies did not specify the
age of the residents making such restriction impossible.
Further, whilst the search was not restricted to a certain
infectious disease, most of the included studies focus
on COVID-19, possibly negatively affecting the general-
isability of the findings as COVID-19 has higher severe
disease and mortality rates than e.g. influenza. How-
ever, not restricting the review to a certain infection is
not necessarily a weakness per se. For instance, the lack
of associations between facility design and infectious
outbreaks in studies not focusing on COVID-19 might
indicate that at least some aspects of facility design
could be of greater importance to certain specific infec-
tions. Furthermore, the included studies did not report
whether the care homes targeted provided a hospital-
like or homelike environment. It is possible that the
hospital-like model positively influences the risk of an
infectious disease outbreak, making it difficult to con-
clude whether the findings are more applicable to a
certain environment. Additionally, the methodological
heterogeneity of the studies and the fact that the num-
ber of eligible studies was small makes it impossible to
draw any firm conclusions. However, as the features
addressed in the included studies may have an impact
on infection control and furthermore are amenable to
interventions, further studies are strongly warranted.

Conclusions

In conclusion, this systematic review suggests that
larger facilities have greater risks of infectious out-
breaks, yet the risk of a larger outbreak seems lower in
larger facilities. Following the COVID-19 pandemic,
care home managers worldwide are preparing for new
infectious outbreaks. This research could help inform
policy of future care homes and care home manag-
ers in their preparation of future infectious outbreaks.
However, evidence showing what actions on organisa-
tional characteristics are effective, is needed. Due to
lack of robust findings the impact of facility and staff
characteristics on infectious outbreaks remain largely
unknown. Further research is needed to establish the
effect of organisational characteristics of staff and facil-
ity on infectious disease outbreaks in care homes.
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